Abstract. Recently, some hot DA-type white dwarfs have been proposed to plausibly be escaping members of the Hyades. We used hydrogen Balmer lines to measure the radial velocities of seven such stars and confirm that three, and perhaps two others, are/were indeed cluster members and one is not. The other candidate Hyad is strongly magnetic and its membership status remains uncertain. The photospheres of at least one quarter of field white dwarf stars are "polluted" by elements heavier than helium that have been accreted. These stars are orbited by extended planetary systems that contain both debris belts and major planets. We surveyed the seven classical single Hyades white dwarfs and the newly identified (escaping) Hyades white dwarfs and found calcium in the photosphere of LP 475-242 of type DBA (now DBAZ), thus implying the presence of an orbiting planetary system. The spectrum of white dwarf GD 31, which may be, but probably is not, an escaping member of the Hyades, displays calcium absorption lines; these originate either from the interstellar medium or, less likely, from a gaseous circumstellar disk. If GD 31 was once a Hyades member, then it would be the first identified white dwarf Hyad with a cooling age >340 Myr.
Introduction
For decades it has been recognized that stars have evaporated from the Hyades cluster and that this process may account for the apparent paucity of white dwarf Hyads, especially white dwarfs with cooling ages >300 Myr (Weidemann et al 1992 , Tremblay et al 2012 , and references therein). In a recent series of papers, TSR2012, Roser (2012), and Roser et al (2011) use the PPMXL Catalog (Roser et al 2010) and other data to potentially substantially increase the number of identified white dwarf members of the Hyades. Table 2 in TSR2012 presents the most recent aspects of the research; six single white dwarfs are identified as "candidate" Hyads, plus one more has a membership status of "uncertain". All seven candidate Hyads are regarded as currently escaping from the cluster and all but one lie outside of the tidal radius of the cluster (which is ∼9 pc). As described in TSR2012, the missing piece of the puzzle is a measurement of the radial velocity of the seven stars. We measured the radial velocities by means of the hydrogen Balmer lines. These measurements establish that three of the seven candidates are very likely to be true (escaping) Hyades members; one other and, less likely, a second, may also be escaping members.
The Hyades contains seven "classical" single white dwarfs. With high resolution spectroscopy, we observed these and the seven candidate white dwarf Hyads mentioned above to search for evidence of accretion of rocky material from surrounding planetary systems, should they exist. The frequency of planetary systems in the Hyades bears on some major questions in astronomy. For example, based on the transit technique, planetary systems in globular clusters appear to be far less common than at disk stars (Gilliland et al 2000) . Is this because of the low metallicities of globular clusters or is a paucity of planetary systems generally characteristic of rich long-lasting clusters? (The Hyades is slightly metal-rich.)
In Section 4 we review earlier results on searches for planets and for dusty debris disks in orbit around stars in rich open clusters. Searches via precision radial velocities and via transits are sensitive to planets within a few AU of stars. One anticipates that these close-in regions would not be especially disturbed by encounters with other cluster members. Rather, it is the outer planetary regions -those sampled by direct infrared imaging, infrared photometry of cool dusty debris disks, and white dwarf accretion of rocky objects -that typically would be most affected. Thus, these three techniques are of special interest for evaluation of the relative nature and frequency of planetary systems in long-lived clusters and in the field.
In Section 2 we present details of our observations and analysis and in Sections 3 and 4 consider escaping white dwarf Hyads and evidence for planetary systems in the Hyades. Whereas our Hyades white dwarf study utilizes optical spectroscopy, Farihi et al (2013) report an ultraviolet spectroscopic investigation of two classical white dwarf Hyads.
Observations and Analysis
We used the HIRES echelle spectrometer (Vogt et al. 1994 ) on the Keck I telescope at Mauna Kea Observatory in Hawaii. Spectra were obtained during an observing run on the UT nights of 28 and 29 October 2012. The blue cross disperser was combined with a 1.15" slit and the full wavelength range between 3130 and 5940Å was covered with a resolution of ∼40,000. Exposures of a ThAr lamp were taken throughout both nights and used for the wavelength dispersion solution. Two radial velocity standards, HD 210667 and HD 31253 (Nidever et al. 2002) , were both observed each night for absolute radial velocity calibration of the data sets. This amounted to subtracting 1 km s −1 from the raw velocities measured using the ThAr lamp lines. Approximate flux calibration of the spectra (Figures 1-3 ) was obtained via use of the flux standards BD+28 4211 and G191-B2B. Spectra were reduced using both the IRAF and MAKEE software packages. The integration time on a given white dwarf was either 40 or 60 minutes.
Figure 1 presents photospheric Ca II H-and K-lines in Hyad LP 475-242 and Figure  2 displays the same two lines in GD 31 (which may be an escaped Hyades member, see Section 3.1). These lines in GD 31 may be of either interstellar or circumstellar origin; for reasons outlined in Section 3.3, interstellar is more likely.
With the exception of GD 31 (Section 3.1) data for the basic properties of the white dwarfs (log g, T ef f , and mass) can be found in Table 1 in TSR2012. We use these masses and log g to calculate stellar radii and gravitational redshifts as listed in Table 1 of the present paper. Synthetic spectra were computed with TLUSTY & SYNSPEC (Hubeny & Lanz 1995) . For hydrogen dominated white dwarfs we used TLUSTY with log g and T ef f to calculate a pure, plane-parallel, hydrogen atmosphere in local thermodynamic equilibrium. SYNSPEC is used to compute synthetic spectra for a given atmospheric structure. Atomic data are from the VALD (Kupka et al. 1999) . The calcium upper limits are derived by comparing the equivalent width (EW) of the Ca II K-line in the spectra with the model.
For LP475-242 we use stellar parameters from Tables 1 and 2 and [H/He] = -4.68 from Bergeron et al (2011) , and derive a logarithm of the calcium to helium ratio by number [Ca/He] of -9.2. This is typical of the ratios for polluted field DB stars given in Table 1 of Zuckerman et al (2010) . The (conservative) error estimate for [Ca/He] of 0.2 dex given in Table 2 is obtained from uncertainties in effective temperature (362 K), log g (0.09 dex), [H/He] (0.06 dex), and in measured K-line EW (8 mÅ).
The stellar radial velocity, V, of LP 475-242 is given in the third column of Table  1 . The velocity is determined from five photospheric lines; the Ca II H-and K-lines and three strong helium lines (4471.5, 4921.9, 5875.6Å) . The difference between the velocity derived from the two Ca lines and, separately, from the three He lines is only 0.8 km s −1 . The V listed in Table 1 is the average of the velocities obtained from Ca and He. The listed uncertainty ∆V is half the total spread in the velocities measured from the five lines.
All the other Table 1 stars are type DA; we used the Hβ and Hγ lines to measure the radial velocities ( Figure 3 ). In some stars the Hβ line displays a narrow non-LTE core ( Figure 3 ) similar to those seen most often in Hα lines in DA white dwarfs (e.g., Greenstein et al 1977; Reid 1996) . Hδ, Hǫ, and Hζ lines are also present in our spectra, but mainly due to less precise line core profiles along with line wing asymmetries, their line centers are difficult to measure, and often result in different radial velocities from Hβ and Hγ. Two of the authors independently measured the radial velocities of the Hβ and Hγ lines in the 11 non-magnetic DA white dwarfs listed in Table 1 . Each of the two authors used IRAF's splot routine to calculate radial velocities through voigt profile fitting of the line core centers. In those few cases where it was apparent that the voigt function did not provide a good fit of the line core (perhaps due to lack of nearby continuum for the function fitting), either or both of the authors estimated by eye the location of the deepest portion of the line core and used that value for the line center velocity.
We could not use Hα because it was not included in the HIRES wavelength coverage. Measurement of Hα line cores may improve the accuracy of the radial velocities presented in Table 1 . Our estimated uncertainties in radial velocity (∆V) are listed in the fourth column. The ∆V represent half the total spread in the four measured velocities for a given star (two persons measuring the velocities from Hβ and Hγ). Therefore the listed ∆V is likely to represent the maximum uncertainty in the radial velocity of a given star.
For completeness, we mention three previous papers that report radial velocities for some Table 1 stars. Reid (1996) Zuckerman et al (2003) velocity, then this would increase the discrepancy between V kin and V mod in Table 1 .
As we note in Section 3.1, for the seven classical white dwarf Hyads, our measured kinematic radial velocities agree well and with no systematic offset from the model predicted velocities of TSR2012. Falcon et al (2010) give radial velocities for seven Table 1 stars based on measurements of Hβ and Hα at the VLT. These seven velocities, denoted as "apparent radial velocities", are in the Local Standard of Rest reference frame. When converted to the heliocentric frame, within the respective errors, the Falcon et al and our Table 1 velocities are in agreement.
Results

Candidate White Dwarf Hyads
TSR2012 provide a clear and thorough discussion of white dwarf Hyads, those classically confirmed and also proposed candidate members. A list of 30 initial candidate members, including 23 they reject on various grounds, appears in their Tables 1 and 2 . Actual members must have cooling times and total lifetimes not greater than the 625 Myr age of the cluster. All but one of the proposed members lie outside of the tidal radius of the cluster, so their 3-dimensional velocity vectors must point back to near the cluster center. These constraints eliminate all but 7 candidate white dwarfs (see Table 2 in TSR2012). Our Table 1 provides new radial velocity data for 6 of these 7; GD 90 is strongly magnetic with uncertain physical parameters and so remains a candidate.
In Table 1 the right hand column, V mod , is the kinematic radial velocity expected (S. Röser 2012, private communication) for true Hyades members based on the traceback model of TSR2012. Thus the relevant kinematic velocity for membership confirmation (V kin ) must exclude the gravitational redshift (V grav ) which is included in the HIRESmeasured velocities (V) given in column 3 of Table 1 . The major uncertainties in our measured V kin (listed in Table 1 ), are due to (1) the difficulty of obtaining accurate velocities (V) from broad hydrogen lines, and (2) corrections for V grav . Errors in the parameters (log g and mass) that propagate into errors in V grav are listed in Table 1 of TSR2012 and discussed in the second paragraph of their Section 3. For a representative star such as GD 52, uncertainties of ±0.05 dex in log g and ±0.03 dex in mass imply an uncertainty of ±4 km s −1 in redshift; this is comparable to or greater than the uncertainty in velocity measurements (∆V, 4th column in our Table 1 ) of the H-beta and H-gamma lines in most target stars. Total velocity uncertainties for a given star may be obtained by adding in quadrature ∆V and uncertainties in the gravitational redshift induced by uncertainties in log g and mass.
Comparison of V kin with V mod for the classical Hyads (stars 2,3,5,6,8,9,10 in Table  1 ) validates the TSR2012 model predictions and our estimates of errors in V kin . The maximum offset between our measured radial velocity and the model velocity for a classical Hyad is 4.7 km s −1 (HZ 4). Evaluation of membership of escaping Hyadswhite dwarfs and main sequence stars -must take into account the residual velocity dispersion in the TSR2012 model as defined and presented in their Section 5, Figure 5 , and Table 2 . One anticipates larger differences -of at least a few km s −1 -between measured and model radial velocities for candidates as compared to classical members. Then stars # 19, 20 and 23 appear to be true (escaping) members of the Hyades cluster, while star # 26 clearly is not.
The situation for star # 38 (GD 31) is ambiguous. First is the problem of identifying its effective temperature. TSR2012 give 17,470 K which comes from Gianninas et al (2011) . A similar T ef f = 17,306 K appears in Koester et al (2009) (Table 1) , the presence of both molecular and quasi-molecular hydrogen in the spectrum of GD 31 (Section 3.3 and Xu et al 2013b) is consistent with a temperature ∼13,000 K but not with temperatures near 17,000 K. In Table 2 we adopt T ef f = 13,700 K. This temperature is an average of temperatures based on optical and UV spectra. For the optical, we adopt 13,744 K which is the average of the 14,118 K temperature deduced by P.-E. Tremblay (2013, private communication) based on his most recent models, and a temperature of 13,370 K derived by D. Koester (2013, private communication) from UBVJHK photometry from SIMBAD. From the Cosmic Origins Spectrograph/Hubble Space Telescope UV data for GD 31 (ID 12169, B. Gansicke PI), D. Koester (2013, private comm.) derives a temperature of 13,640 K. The average of the UV and optical temperatures is 13,700 K. We set log g = 8.67 based on an average of determinations of 8.73 and 8.62 from optical data by P.-E. Tremblay (2013, private comm.) and D. Koester (2013, private comm.) , respectively. With this log g and T ef f , the GD 31 mass and radius (Table 1) can be obtained (Fontaine et al 2001;  http://www.astro.umontreal.ca/∼bergeron/CoolingModels/).
With stellar parameters from Tables 1 and 2 , the white dwarf cooling time for GD 31 is ∼700 Myr (http://www.astro.umontreal.ca/∼bergeron/CoolingModels/). According to the initial/final mass relationship derived by Williams et al (2009) , GD 31 would have been a ∼5 M ⊙ , late B-type, star when it was on the main sequence. Schaller et al. (1992) compute stellar evolution models for a variety of masses and metallicities. For a 5 M ⊙ star with Z = 0.020, the total lifetime to the end of the early AGB phase is computed to equal 108 Myr. Taken at face value, the total age of GD 31 would then be ∼800 Myr, or about 175 Myr more than the currently preferred age of the Hyades cluster.
The difference between the calculated kinematic and model radial velocities is relatively large (Table 1) and, if some weight is given to the GD 31 velocity measured by Zuckerman et al (2003) , then the difference between V kin and V mod would be increased somewhat. Notwithstanding this difference and the moderate age discrepancy mentioned in the preceding paragraph, given reasonable uncertainties in the various parameters and models, it remains possible, albeit unlikely, that GD 31 is an escaping cluster member. If so, then it likely left the Hyades a few x 10 5 years ago. Star # 24 (GD 77) is magnetic. P. Dufour (2013, private comm.) estimated the zero-field radial velocity of GD 77 from the HIRES-measured Hβ and Hγ lines for various assumed magnetic fields. A model with a 1.6 MG field gives a tolerable fit to the line profiles, but with radial velocities from the Hβ and Hγ lines that differ by 24 km s −1 . The average of these two velocities is listed as V in Table 1 . By varying the orientation and offset of a dipole field one can likely improve the profile fits and decrease the 24 km s −1 discrepancy; also perhaps a dipole is too simple. Given the current state of magnetic white dwarf modeling, improvements of these results will take some effort. Because few magnetic white dwarfs have been observed with the high resolution of Keck/HIRES, eventually similar such measurements may be used to calibrate and improve the models..
In any event, GD 77 might be an escaping Hyad.
A recent N-body simulation of the Hyades cluster by Ernst et al (2011) is discussed at length in Section 6.1 of TSR2012. In the Ernst et al simulation the primary mechanism for loss of white dwarfs is the velocity kick received by a white dwarf as a consequence of asymmetrical mass loss during the preceding AGB and planetary nebula phases of stellar evolution; the velocity kick is drawn from a Maxwellian distribution with an assumed 1D velocity dispersion of 5 km s −1 , corresponding to a 3D kick with mean ∼8 km s −1 . To the extent that this average kick velocity is not known or well constrained and may depend on stellar mass on the main sequence, predictions drawn from the Ernst et al calculations may not be accurate. That said, at least for white dwarfs with cooling ages <340 Myr, the Ernst simulations agree with the number of escaping white dwarf we identify in Table 2 . Our results (3 to 5 confirmed escaping Hyads out of 7 checked) are also consistent with the anticipated number of contaminant field white dwarfs estimated from the Monte Carlo simulations of TSR2012 (their Section 5.1 and Table 3 ).
Calcium and Magnesium Abundances
About 1/3 of field DB white dwarfs with effective temperatures in the range between 13,500 and 19,500 K reveal detectable photospheric Ca II K-lines when observed with the sensitivity we obtain with Keck/HIRES (Zuckerman et al 2010) . Therefore, if earlytype Hyades stars possess comparable numbers of planetary systems as A-and F-type field stars, then it is not surprising to discover that LP 475-242 -the one Hyades DB (T ef f = 15,120 K) -has calcium pollution.
According to the initial-to-final mass relationship given in Williams et al (2009) , when on the main sequence, LP 475-242 had a mass ∼3 M ⊙ . There are 15 previously known metal-rich DBZ white dwarfs listed in Table 1 of Jura & Xu (2012) . Thirteen of these had main sequence masses between about 2 and 3 M ⊙ when on the main sequence, while two were outside of this range (one larger and one smaller). Thus, the main sequence progenitor of LP 475-242 was slightly more massive than the typical DBZ progenitor, but is not unusual in this regard.
Typically, because of the greater transparency of helium atmospheres, a given fractional calcium abundance enables the build-up of a much larger Ca K-line equivalent width in comparison to the EW in a hydrogen atmosphere of comparable temperature. Thus detection of a K-line in the hot DAs in Table 1 requires a large [Ca/H] ratio (see Table 2 ) compared to that measured for the polluted DB star LP 475-242. Some examples of highly polluted DAZ stars with T ef f >14,000 K appear in Koester et al (2005) , Kawka et al (2011) , Gänsicke et al (2012) , . Many more hot DAZs with at least some Si pollution as measured with COS are reported by Koester et al (2012) . Given the few, hot, field DA white dwarfs known to have [Ca/H] larger than the upper limits given in Table 2 for the DA Hyads, it certainly remains possible that some of these stars have atmospheres substantially polluted with heavy elements.
In particular, the statistics presented by Koester et al (2005) for hot field DAs imply that, at our level of sensitivity, the percentage of DAZs among the DA population in the Hyades could be as large as in the field DA population. For field DA white dwarfs the percentage of DAZs, and thus likely planetary systems, is at least 25% (Zuckerman et al 2003) . This percentage is deduced from a study of cool DAs in which a Ca II K-line can be detected more easily than in a hot DA.
The right hand column of (Jura & Xu 2013 ). Thus, depending on the unknown [Mg/Ca] ratios in VR 7 and HZ 7, the calcium abundance upper limit could be the stronger.
The Spectrum of GD 31
Figure 2 displays the Ca II K-and H-lines seen in the spectrum of GD 31. These cannot be photospheric because of the large offset between their radial velocities (11.2 km s −1 and 10.7 km s −1 for the K-and H-line, respectively) and that of the white dwarf (89 km s −1 ). The lines must therefore be either of interstellar or circumstellar origin. Zuckerman et al (2003) measured a radial velocity of 12 km s −1 for the K-line which they attributed to interstellar absorption. Given the uncertainty in the gravitational redshift for GD 31 and the relatively large uncertainty (∆V) in its photospheric velocity (V), the velocities of the calcium lines do not disagree with the expected velocity of circumstellar lines (∼15 km s −1 ). Calcium K-lines are observed in the photospheres of all white dwarfs with known circumstellar disks. If GD 31 has a circumstellar disk, then it would be the first exception to this rule. Because of our only moderate sensitivity to photospheric calcium in GD 31 (Table 2) , an exception in this case would be plausible. One star in which both circumstellar and photospheric Ca K-lines are detected is DAZ WD1124-293 for which T ef f ∼9400 K (Debes et al 2012) .
Interstellar absorption lines of Ca II as well as numerous UV resonance lines are commonly detected in stars within the solar neighborhood (e.g., Lehner et al 2003; Welsh et al 2010) . According to TSR2012, GD 31 is only ∼30 pc from Earth and is the closest of the 14 stars listed in our Figure 2 .
Thus if the GD 31 calcium lines are interstellar, then there is an unusually massive interstellar cloud between it and Earth. To assess whether the Ca II absorption detected in the spectrum of GD 31 is produced in the interstellar medium, we have measured and listed in Table 3 the strengths of three well known ultraviolet absorption lines in the archived COS data for this star (ID 12169, B. Gansicke PI). We measured the velocity of these UV lines to be ∼21 km s −1 (Table 3) , but because of known uncertainties in COS velocity measurements, the velocities are not inconsistent with those of the optical calcium lines. It is most likely that the Table 3 UV lines arise in the interstellar medium because absorptions from the associated excited fine structure levels (Si II 1264Å, C II 1336Å, O I 1304 and 1306Å) are not detected as might be expected in dense circumstellar gas. For a specific comparison between GD 31 and a star with well-measured interstellar lines, we list in Table 3 absorption line strengths for α Vir, an early B-type star 77 pc from Earth with interstellar UV absorption lines (York & Kinahan 1979) as well as Ca II 3933Å (Lallement et al. 1986 ). By inspection, we see that relative to the ultraviolet absorption lines, Ca II is roughly a factor of two stronger in GD 31 compared to α Vir. However, because there are variations in the amount of calcium depletion onto grains and because the ultraviolet lines toward α Vir are somewhat saturated, this comparison of optical and ultraviolet line strengths suggest that the Ca absorption in the spectrum of GD 31 largely arises from interstellar gas.
In addition to the unexpectedly strong Ca II K-and H-lines, GD 31 displays yet more unanticipated lines. The archived COS data for this star (ID 12169, B. Gansicke PI) contains absorption lines of the hydrogen molecule. H 2 was first identified in our COS study of G29-38 and GD 133 (Xu et al 2013a and b) . H 2 transitions in both the Lyman and Werner bands are seen in the spectra of both of these ∼12,000 K DAZ white dwarfs. While checking the COS spectrum of GD 31 for the lines discussed in the preceding paragraph and listed in Table 3 , we noticed four absorption dips of low to modest signal-to-noise. Upon aligning the spectra of GD 31 and G29-38 according to their respective heliocentric velocities, it became evident that these are four of the strongest Lyman bands of H 2 that are seen in the spectrum of G29-38 (see Xu et al 2013b for details). GD 31 is thus the third DA white dwarf atmosphere identified to contain H 2 . As pointed out in Section 3.1, the presence or absence of H 2 in a white dwarf UV spectrum can break degeneracies in temperatures and gravities deduced from optical spectra.
Discussion
As noted in Section 1, a question of interest is whether extended planetary systems are disrupted in massive long-lived clusters. Dukes & Krumholz (2012 and references cited therein) suggest that disk disruption events are no more likely in most massive clusters than in low mass clusters because observations indicate that, for most clusters, 90% of the stars disperse into the field within 10 Myr. The stellar binary fraction in the Hyades and other long-lived clusters (Pleiades, α Per, Praesepe) have been considered in various papers. Patience et al (2002) note that the distribution of semimajor axes of binary stars in these four clusters peaks at 5 AU, "a significantly smaller value" than for field stars in the solar neighborhood.
Since disruption of extended planetary systems at stars in long-lived open clusters would plausibly be more likely than disruption of close-in planets, to test relative frequencies of occurrence it is best to use techniques that probe the outer reaches of planetary systems. As mentioned in Section 1, these techniques include direct infrared imaging of warm young planets, infrared photometry and imaging of cool dust, and optical spectroscopy of white dwarfs. Direct infrared searches for planets on wide orbits around stars in long-lived open clusters in not now practical because only the Hyades is close to Earth, and it is sufficiently old that even massive planets will have cooled substantially. With the Spitzer Space Telescope, Farihi et al (2008) searched at seven Hyades white dwarfs for very massive planets but without success. Younger rich clusters, such as the Pleiades, are sufficiently far from Earth to be beyond the reach of current direct planet imaging capabilities. To probe well into the planet mass range, searches in long-lived clusters will require much larger telescopes than currently exist.
Spitzer 70 µm photometry of Hyades stars has been reported by Su et al (2006) and Cieza et al (2008) . Cieza et al state that cool dust was detected at two of 11 A-type Hyads but at none of 67 F-, G-or K-type Hyads. Detection of dust emission at 24 µm from F5-type star HD 28069 was reported by Mizusawa et al (2012) . These authors do not mention that HD 28069 is a Hyades member. They did not observe at 70 µm, so the dust temperature is unknown. In any event, given small number statistics and considerations of sensitivity (see, e.g., Cieza et al 2008) , about all that may be said at this time is that the percentage of early type stars in the Hyades cluster with cool dusty debris disks may be comparable to the percentage of field stars of similar age that possess similar disks.
To date, five techniques for studying extrasolar planetary systems have proved to be fruitful; four of these are precision radial velocities (PRV), transits, microlensing, and direct imaging of self-luminous planets. Because of a variety of limitations, none of these four techniques have yet proved effective as a way to address the question of "how common are planetary systems in long-lived open clusters?" For example, although PRV revealed no planets around ∼100 F-through M-type dwarfs in the Hyades cluster, the results were quite insensitive because of the noisy behavior of young star photospheres (Paulson et al 2004) . Via the PRV technique, Sato et al (2007) report a giant planet close to the Hyades giant star eps Tau; but the unknown vsini could allow the companion to be a brown dwarf rather than a massive planet. Other nearby open clusters (e.g., the Pleiades, Praesepe, α Persei) are further away than the Hyades or younger (so even noisier than the Hyades) or both. Recently, using PRV, Quinn et al (2012) found two stars in Praesepe that are orbited by "hot Jupiters" with periods of a few days.
Study of white dwarf photospheres polluted with elements heavier than helium is a fifth technique that can be used to probe extrasolar planetary systems, but only out beyond a few AU; planets further in are destroyed during the AGB phase of stellar evolution. A now generally accepted model for these white dwarfs is the following:
A major planet gravitationally perturbs leftover planetesimals (e.g. asteroids) in toward the white dwarf where their orbits can intersect the tidal radius of the star. Then the asteroid is shredded into dust and gas and eventually accreted onto the star (Debes & Sigurdsson 2002; Jura 2003) . By study of the gas and dust that orbits some of these white dwarfs and especially by high resolution spectroscopy of the accreted material, one may deduce that at least 25-30% of all main sequence A and F-type stars (the predecessors of the white dwarfs) possess substantial planetary systems (Zuckerman et al 2010; Zuckerman et al 2003) . This percentage is not dissimilar from the percentage of main sequence and first ascent giant stars with PRV-detected close-in planets. For example, from a study of post-main sequence giant stars, Bowler et al. (2010) report that 1/4 or more of intermediate mass, main sequence, stars have massive planetary companions within 3 AU.
In the present paper we have searched for heavy element pollution at 10 (or possibly 11 or 12) white dwarfs that are current or escaping members of the Hyades cluster. Because all but one of these are hot DAs, detection of the Ca II K-line, or the Mg II 4481Å line in the hottest, requires a high fractional pollution (see [Ca/H] and [Mg/H] limits in the body and notes of Table 2 ). Therefore, these DA stars place only weak constraints on the fraction of early-type Hyads with extended planetary systems. At the high temperatures of stars in Table 2 , a moderate level of pollution can be detected in only DB-type white dwarfs. This applies only to LP 475-242; at its temperature about 1/3 of field DB white dwarfs are polluted at levels that are detectable with HIRES (Zuckerman et al 2010) . The fact that calcium is detected in LP 475-242 suggests that the percentage of early-type Hyads with extended planetary systems is probably not much smaller than in the field.
Conclusions
Tremblay et al (2012 and references cited therein) consider the white dwarf members of the Hyades cluster and suggest 7 white dwarfs that may currently be escaping from the cluster. We measured the radial velocities of the 7 single classical white dwarf members and the 7 candidate escapees. The measured velocities suggest that three of the candidates are indeed leaving the cluster, while one was never a cluster member. The jury is still out on the other three candidate escapees; one is probably not a member and the other two are magnetic. None of the classical white dwarf members have cooling ages >340 Myr and neither do any of the likely escaping members we have identified. However, if GD31 is an escaping member, which appears possible, albeit rather unlikely, then its cooling age is not much less than the ∼625 Myr age of the cluster.
The DBA (now DBAZ) white dwarf LP 475-242 displays photospheric calcium lines indicative of a surrounding planetary system. The spectrum of the DA white dwarf GD 31 displays narrow Ca II K-and H-lines. These might be circumstellar, but are more likely interstellar in which case an usually substantial interstellar cloud exists in the ∼30 pc interval between Earth and GD 31. Also noteworthy is the presence of molecular hydrogen in the ultraviolet spectrum of this high-gravity ∼13,700 K white dwarf. This is the hottest among the three white dwarf atmospheres that are known to contain H 2 (Xu et al 2013b) .
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